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ABSTRACT 
Currently no literature or studies in the physical therapy profession explore the 
use of periodization of strength principles. Therefore, the purpose of this independent 
study will be to perfonn a literature review of periodization of strength and how these 
training concepts are applicable to physical therapy. 
Periodization is a strengthening technique which varies the training stimulus so 
that continuous gains in strength are accrued. The general progression of training is 
from low intensity and high volume to high intensity and low volume. To achieve 
these changes in intensity and volume the number of sets, repetitions, and load is 
periodically changed. 
It would be prudent to use periodization techniques with patients since it has 
been demonstrated to be the most effective technique for inducing strength gains. 
This paper will enable the reader to construct a periodization program for athletes as 
well as for the general patient population in physical therapy. 
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CHAPTER 1 
INTRODUCTION: LAYING THE FOUNDATION 
Increasing strength in individuals is quickly becoming an important topic of 
discussion as sports become more competitive and jobs more demanding. Increasing 
strength is generally thought to enhance athletic performance while having the added 
benefit of decreasing potential for injury. Furthermore, in the realm of rehabilitation 
increases in strength such as in the leg musculature can translate to improved ability 
to function (i.e. transfer and ambulate) in the real world. Physical therapy recognizes 
the dire importance of strengthening atrophied or weak musc1e(s) following surgery, 
cast removal, or other forms of injury. Increasing strength is often an essential 
component for these people in returning to activities of daily living and improving 
their quality of life. There are many components which enhance athletic performance 
and function such as balance, speed, flexibility, motor learning, and coordination, but 
only strength will be the focus of this paper. Since enhancing strength is such an 
integral part of success in recovering from injury (rehabilitation) and in athletic 
competition, the value of increasing strength should be clear. 
Physical therapists and coaches also must consider the busy schedules of their 
clients-training takes time. Today's society is steadily becoming more fast-paced 
and hectic as people continually try to fit more and more into an already overloaded 
schedule. For example, athletes have busy schedules as they must take time to 
maintain acceptable grades while having to adhere to hours of sport-specific practice 
and strength training. Patients also have the same problem of lack of time as they 
often work full-time and may even be parents, not even to mention the myriad of 
other activities of involvement. Moreover, for physical therapists there is the added 
pressure of dealing with shorter treatment prescriptions from physicians. Insurance 
companies also add to this pressure by offering reimbursement for only a specified 
number of treatments for a certain time period-whichever is more economical for 
them to choose. It seems that in today's fast-paced world everyone wants to see quick 
results. In other words, for patients and athletes to receive maximum benefits for 
their training in the shortest time possible, therapists and coaches must employ the 
best strengthening method. This is prudent from an economical standpoint as well as 
from a time saving standpoint for the patient. 
The most effective strengthening technique should be utilized whenever 
possible so that maximum gains in strength are achieved in the shortest amount of 
time. According to experts in the strength training field and the literature on this 
subject to date, periodization is the most effective way to gain strength and, according 
to this author, should be used by coaches and physical therapists when possible. 
Basic Training Variables and Terminology Defined 
Before the training method of periodization is further explored some basic 
training variables and terminology need to be defined. RM is a common notation 
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encountered in strength training literature which is an acronym for "repetition 
maximal". For example, if one were to perform a 1 RM for the bench press exercise, 
the maximum amount of weight possible for one repetition would be lifted. In other 
words, another repetition would result in a failed lift. However, a common 
misconception is that a RM is always a 1 RM. This is not the case because you could 
also have a 2,3, 4 . . . RM and on. As suggested by Fleck and Kraemer! perhaps a 
better way to think of a RM would be a X RM where "X" refers to the number of 
repetitions performed. A X RM would refer to the amount of resistance that allows 
the performance of X repetitions, with X-plus-one repetition not possible. The need 
to perform maximum repetitions is to overload the muscle(s) so that the resistance 
encountered is an increased challenge, inducing muscle adaptation, which causes an 
increase in strength. 
Intensity and volume are two training variables of which a correct 
understanding is essential. Intensity (load) refers to the qualitative element of training 
such as speed, strength, and power. 2 Thus, when lifting weights the intensity of an 
exercise could be increased by lifting a heavier weight (increasing load) or by moving 
a given weight faster( increasing speed). From this example the intensity could be 
expressed numerically as a load in kg/lb or more commonly as a percentage of load of 
a one repetition maximum. If one were talking about an aerobic form of exercise the 
intensity could be increased once again by increasing the rate or speed of the activity 
and in this case it would be expressed as heart rate or as a percentage of maximum 
oxygen consumption (V 02 max). 
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Closely related to intensity is the volume of training. The volume of training 
is a measure of the total work output for a given workout session-a quantitative 
element oftraining? This can be found by multiplying the sets x repetitions x load. 
However, the duration (length of time) of the workout and the number of exercises 
must also be considered. In summary, volume = total work output = sets x reps x 
load. In short, intensity refers to how hard one is working while volume refers to how 
much work is done over the course of the entire workout. 
Another important distinction to make between intensity and volume is that 
they are always inversely proportional (see Figure 1-1 below). This is partly common 
sense because if, for example you were to increase the number of repetitions or the 
distance that was being run in a workout (increased volume), it would be a necessity 
to decrease the percentage of the 1 RM worked or percentage ofV02 max run 
(decreased intensity), respectively. If this did not occur, fatigue would ensue and one 
would not be able to successfully finish the workout session. 
When preparing to discuss an exercise program it is also crucial to understand 
the different metabolic systems which are being affected. For instance, when 
performing continuous activities such as biking or jogging one would be relying 
primarily on the aerobic energy source. Aerobic means "with oxygen," so from a 
metabolic standpoint this means that oxygen is the main source by which energy is 
provided to the working muscles. From a practical standpoint, aerobic training must 
be performed at an intensity level so that the oxygen demands equal the oxygen 
supplied to the working muscles. In other words, a "steady state" has been reached. 
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Volume 
Intensity 
Figure 1-1: Relationship between volume and intensity 
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The above paragraph focuses on the primary energy source when oxygen is 
not the limiting factor of exercise. However, when oxygen demands cannot be met by 
the aerobic system, the lactic acid and ATP-PC system is used to supply energy to the 
working muscles. The drawback of this system is that, unlike the aerobic system, the 
supply of ATP (adenosine triphosphate-energy source of muscles) which can be 
used is limited and therefore this system can only supply energy for short duration 
activities (e.g. 40-yard dash, shot put, maximal lift, or high jump). The advantage of 
this system is that it can supply immediate energy to muscles even in the absence of 
oxygen. Therefore, this energy system is considered anaerobic which means "without 
oxygen." Resistance training is considered to be anaerobic training since the energy 
demands vastly outweigh that which can be supplied by the aerobic system alone. 
Since much of the ensuing discussion will focus on the study of increasing 
strength, a basic working definition of strength is needed. For this paper strength will 
be defined as the maximum amount of force that a muscle can voluntarily exert 
against a source of resistance at a specified speed? Please be aware that strength is a 
slightly different concept than power, because strength does not consider the time 
element as does power. The main difference is that strength is force production, 
while power is the velocity at which the force is occurring (how fast strength can be 
produced). 
The last two terms that will be defined are frequency and duration of training. 
An understanding of these two terms may seem like common sense but a quick 
review is in order because they are an essential component of the exercise 
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prescription. Frequency refers to how often or how many times per day or week an 
exercise is performed. For example, if one were to lift weights three times per week, 
the frequency of training would be 3. The duration of training simply designates how 
long the training stimulus is applied. To continue the above example, if this same 
individual were to run for 30 minutes, this would be the duration of exercise. 
Physiology of Strength Development and Injury Prevention 
In addition to a basic understanding of the above terminology and training 
variables, it is also the belief of this author that the reader should have a basic 
understanding of some of the physiological adaptations that occur with resistance 
training. This is important because when a professional prescribes exercises, it is 
essential to know what physiological adaptations are going to most likely take place 
as a result of the exercises. Hence, the discussion that follows will briefly outline 
some of the main adaptations that occur as a result of resistance exercise. First, some 
of the factors that contribute to an increase in muscle size will be described; then 
some of the other physiological adaptations not related to muscle size will be 
discussed as well as how all of these factors contribute to injury prevention in their 
totality. 
The strength of a muscle is directly proportional to its cross-sectional area. 
Therefore, a larger diameter muscle can produce more tension than a smaller diameter 
muscle. Generally speaking, a muscle can produce a tension of 3-4 kg/cm2 of its 
cross-sectional area.4 Put simply, a thicker muscle is a stronger muscle (only lean 
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muscle mass is being considered here). Given this basic principle and that most 
individuals performing an exercise program want stronger muscles for a number of 
different reasons (i.e. increased sports performance, decreased risk of injury of the job 
or at play, or increased function of daily living), one must consider what occurs at a 
tissue level to account for these bigger muscles. 
According to William Prentice,5(Pp56) one hypothesis accounting for bigger 
muscles is an increased number of capillaries. However, Prentice acknowledges that 
this hypothesis is only partially true because resistance training has not been found to 
increase the capillary density in resistance trained athletes (actually it has the opposite 
affect). Even though this may be the case, resistance training does cause many 
previously constricted capillaries to open up during exercise to meet the increased 
metabolic demands of the muscle for oxygen, nutrients, and waste removal. During 
an exercise bout it is the opening of these vessels that accounts for the transient 
increase in size of a muscle known to many weightlifters and bodybuilders as a 
"pump." 
Another theory gaining much recent attention is that muscles undergo 
hyperplasia with resistance training.6(pp42I) Hyperplasia means that there is an 
increase in the number of muscles fibers as opposed to an increase in size of each 
individual fiber (hypertrophy). However, this study was conducted on animals and 
since there are limits in generalizing from animals to humans, it is not widely 
accepted even though it is within the realm of possibility. Thus, the current view is 
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that each individual is born with a set number of muscle fibers that is genetically 
determined and does not change with any amount of training. 
The last and most widely accepted theory for increases in muscle size is that 
the myofilaments (not muscle fibers) increase in size and number. Muscle fibers are 
composed of small protein filaments called myofibrils. Myofibrils can further be sub-
divided into myofilaments which are the contractile portions of protein within the 
sarcomere. There are two types ofmyofilaments: 1) actin and 2) myosin. Actin 
myofilaments are thin and contain the binding sites for the myosin crossbridges. 
Myosin myofilaments are thicker and contain the previously mentioned finger-like 
projections called crossbridges. When a muscle contracts, the crossbridges pull the 
myofilaments closer together thus producing tension because the muscle is 
shortened.7 This is known as the "sliding filament theory." For a diagramatical 
representation of this theory please see Figure 1-2 below. In conclusion, it is these 
contractile portions of the sarcomere, the myofilaments, which increase in size and 
number as a result of training. This in turn causes the individual muscle fibers to 
increase in diameter, which precipitates the muscle as a whole to have a greater cross-
sectional area thereby having more potential for tension development. 8 
Many coaches and other health professionals tout how increasing a person's 
strength will lead to injury prevention. Although common sense would suggest this to 
be true, there aren't really too many studies which demonstrate this connection 
between increases in strength and injury prevention. However, some studies have 
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Figure 1-2: Diagram of a myofibril composed of actin and myosin with 
crossbridges. 
10 
demonstrated that resistance training programs are a good preventative measure for 
injury when performed in correct form and with proper supervision. 
Gruchow et al9 performed a study which demonstrated that tennis elbow 
(lateral epicondylitis) can be prevented by resistance training of the wrist flexors and 
extensors. In this study it was found that athletes who did not undergo resistance 
training had a greater incidence of elbow complaints related to tennis elbow. 
Furthermore, of those who did develop tennis elbow symptoms after resistance 
training, only 31 % had a recurrence of symptoms. This is quite good when compared 
with the 41 % recurrence rate in those who didn't perform resistance training of any 
kind. 
Researchers Priest and Nagle lO also showed that resistance training has a 
significant effect in the prevention of pain from tennis shoulder. Falkel et al 
(unpublished data) further added to this body of knowledge by demonstrating that 
college swimmers had a decrease in shoulder pain when they performed resistance 
training programs. Thus, it would seem from the current body of literature that 
resistance training does help to decrease the incidence of injury and that resistance 
training and physical therapy services are a valuable form of treatment. 
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History of Periodization 
CHAPTER 2 
INTRODUCTION TO PERIODIZATION 
Periodization originally had its roots in a Canadian endocrinologist's work, 
Hans Selye, who set forth the idea of the general adaptation syndrome (GAS) in 
1950. 11 Although Selye did not specifically develop the concept of periodization as a 
means of exercise, his work served as a springboard for the study of Leo Matveyev, a 
Russian physiologist, and Tudor Bompa, a Romanian sport scientist who adapted the 
GAS to form the basic concepts ofperiodization in the 1960'S.12,13,14 More recently, 
Matveyev's work was further expanded upon by Stone and 0' Bryant,12,14 who added 
the distinct phases to what is known as the preparatory period in periodization today. 
Selye's General Adaptation Syndrome-Adaptation to Stress 
Because the theory behind periodization grew out of the general adaptation 
syndrome, it is important that one understand the basic components of the GAS. This 
knowledge helps in understanding the scientific basis for adopting periodization as a 
training technique as well as help in program design once a general understanding is 
acquired. 
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Selye's theory postulates that when the body is faced with a stressor, it 
undergoes three basic phases of adaptation. These phases, which will be described 
shortly, can be a result of any stressor, such as trauma, muscular exercise, or 
combined exposure to several systemic stressors at one time. I I These "alarming 
stimuli," or stressor agents as Selye refers to them, can be elicited by many different 
causes, some of which commonly occur in everyday life (e.g. climate conditions, 
nervous stimuli, and muscular exercise). Selye's general adaptation syndrome has 
three general phases which occur sequentially as follows: 1) alarm reaction, 2) stage 
of resistance, and 3) stage of exhaustion. 
Each of the three phases will now be briefly described in turn. The alarm 
reaction (shock) occurs when the body is suddenly faced with a stimuli of some nature 
for which it was not previously prepared. The phase of shock can be described "as a 
condition of suddenly developing, intense systemic (general) damage."II(PPIO) An 
example of this phase would be a previously untrained individual who suddenly starts 
to engage in a resistance training program at too high of an initial intensity. During 
the exercise bouts the subject's blood and muscle lactate levels may rise and fatigue 
occurs quickly. In the days to follow, muscle soreness, stiffness, and a temporary 
drop in performance may occur. In short, the body is physiologically shocked and is 
in a state of alarm because of the unaccustomed stress. 
Following the alarm/shock phase, the body enters the stage of resistance which 
is also known as supercompensation. Then the body adapts to defend itself against 
the alarm of the stressor. With repeated exposures to the stressor which causes the 
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alarm reaction, the body eventually adapts so that a relative state of homeostasis can 
be reached more readily during the exercise bouts. However, according to Selye this 
adaptation has a cost. Although the body has increased resistance to the stressor to 
which it was exposed, there is a decreased ability to resist other stressful stimuli. 
Hence, for the body to resist one specific stimulus it is "at the expense of resistance to 
other agents." 1 1 If this is the case, one must be very careful when inducing a training 
stimulus (stressor) so that other systems or structures are not hampered or damaged, 
respectively, resulting in decreased performance, injury, or sickness due to 
immunosuppression-induced illness. Put simply, with prolonged stress that is 
inappropriately too high, the body eventually reaches a stage of exhaustion, which is 
the third phase of the GAS. 
The stage of exhaustion is reached when the training stimulus (stressor) lacks 
variety or when the workload of the exercise when combined with other outside 
stressors is too high for the body to make adaptation. According to Dan Wathen, 1 6 
this phase may also be referred to as staleness, maladaptation, overwork, or 
overtraining. Overtraining is defined as any biochemical, physiological, or 
psychological factor that leads to a decrease in performance, or fails to improve it, 
even though an adequate training stimulus is being provided. 16 
Why Use Periodization? 
The main reason for using periodization is to avoid Selye's stage of 
exhaustion or overtraining. The whole philosophy behind this theory is that when one 
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exercises, the muscles or systems (e.g. cardiovascular system) involved are confronted 
with a stressor (an exercise stimulus) which subsequently causes adaptation so that 
they are better able to handle the stressor the next time it is encountered. However, 
over time the muscles may adapt so well or the stimulus may be so overwhelming that 
they fail to further compensate. This leads to stagnation or what is referred to by 
many weightlifters as the "plateau" (see Figure 2-1 below). Periodization was 
developed to avoid this plateau by continually changing the exercise stimulus. Put 
simply, when a muscle is stressed in a variety of different ways, it will keep growing. 
It is precisely this variety which helps to prevent overtraining, injury, and even 
psychological boredom. Thus, periodization facilitates ultimate muscle growth by 
maximizing the variety in the stimulus while preventing overtraining. 
This is why much research has demonstrated that because periodized training 
involves appropriate variation, it is superior to other programs which use constant 
volume and intensity.17,18 According to these studies it appears that periodization is 
better than other forms of resistance training, such as progressive resistive exercise 
(PRE). This may be because periodization provides greater stimulus variety than any 
other exercise technique. 
In fact, researchers have compared periodization to many different methods of 
strength training which utilize the following constructs: principles of overload, PRE, 
various sets to exhaustion (super-pump), pyramiding, and high and low numbers of 
repetitions per set. A review of these studies and literature suggests that periodization 
15 
Plateau 
1 
Strength .------Improvement 
Time----------~ 
Figure 2-1: Diagram of initial gains in strength followed by stagnation or 
"plateau" due to lack of variation in the training program-volume 
and intensity remain relatively constant. 
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produces superior strength gains when compared to the aforementioned 
methods. 12, 17-20,22, 23-26 
These greater strength gains may be due to the strong foundation in scientific 
principles on which periodization is based. This is opposed to other training 
programs which may be based on rumors, conjecture, or intuition. For a training 
program to be a success it requires careful and well thought plans which are founded 
in science. Bompa2 asserts that to use periodization of strength, " ... means to shake-
up the whole tradition of strength training which is still in place, and replace it with 
this new wave of strength training." 
Definition of Periodization 
Periodization or cycling are terms which represent a style of training in which 
the load (usually weight lifted), sets, and repetitions are changed periodically 
throughout the duration of training. The "period" in the term periodization refers to 
the different time periods during the training year. These time periods are especially 
important in planning a periodized workout because they represent an opportunity for 
the therapist to manipulate the exercise stimuli, thus adding variety to the workouts. 
Workout variety is built into periodization because each time period has its own 
preplanned number of sets, repetitions, and % 1 RM, thereby creating varying 
intensity and volume. 
Another essential component of periodization is that change in exercise 
intensity occur in a logical progression from low intensity to high intensity. As 
17 
mentioned previously, because intensity and volume are inversely proportional, the 
volume of exercise generally decreases as the periodization cycle progresses (refer to 
Figure 1-1). To help illustrate this point consider the following example. According 
to the periodization principle when athletes begin to train, they would start at a low 
intensity and high volume. In a practical sense this would mean that workouts would 
begin around 8 to 20 repetitions (high volume) but the weight would be between 50% 
to 75% 1 RM (low intensity). However, near the end of the periodization cycle 
exactly the opposite would be true as 2 to 4 repetitions (low volume) at 90% to 95% 
lRM (high intensity) would be performed. This is also a good progression from an 
injury prevention stand point because low loads at high repetitions are performed for a 
period of time so that the muscles, ligaments, and tendons adapt before heavier loads 
are lifted. 
The manipulations of volume and intensity can be changed yearly, monthly, 
weekly, and even daily. However, before each specific time period is addressed, 
some basic terminology of periodization is needed. The overall training year is 
termed the macrocycle and is usually a year in length but can also be considered to be 
a period of many months to years. For example, the training macro cycle for an 
Olympic weightlifter would be four years since one would need to "peak" every four 
years. Peak refers to a period of maximal strength development for the ultimate 
physical competition and usually occurs in the last stage of periodization. 
The macrocycle can be further broken down into two or more mesocyc1es 
which can be weeks to months depending on how often the athlete must compete. To 
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add even more variation each individual meso cycle is subdivided into the periods of 
preparation, competition, and active rest or transition (see Figure 2-2 below). If 
periodization is well planned, the athlete will complete a meso cycle just before each 
competition. 
Preparatory Period 
In preparation for an athletic competition the athlete first enters the 
preparatory period which is comprised of the following phases: 1) hypertrophy/ 
endurance, 2) strength, and 3) power. 
Phase I: Hypertrophy / Endurance 
The hypertrophy/endurance phase occurs early in the offseason preparation 
and generally lasts from 1 to 6 weeks. As explained earlier, following the general 
concept ofperiodization, training begins at a low intensity (50% to 75% 1 RM) and 
high volume (8 to 20 repetitions and 3 to 5 sets). As this phase progresses, the 
training activities become more sport-specific. 
Goals ofthe hypertrophy/endurance phase are twofold. The first goal is to 
increase the muscle mass cross-sectional area. The second goal is to develop muscle 
endurance for higher intensity training in the future. 
At the end of this phase there may be a transitional phase consisting of 1 week 
of low intensity, low volume training. This temporary decrease in intensity and 
volume is to help the athlete prepare mentally and physically for the increase in 
intensity that is to come in the following strength phase. 
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Phase II: Strength 
The major goal of this phase is to increase strength to a maximum. To bring 
about this end, plyometric activities increase in intensity if they are being performed, 
and jumping activities are introduced. In addition, weight training becomes more 
specific to the event. Intensity is gradually increased to 80% to 88% 1 RM and 
volume decreases to a moderate level at the 5 to 6 repetition range and 3 to 5 sets. 
Phase III: Power 
Unlike the strength phase, the major goal of the power phase is to convert 
earlier gained strength to sport-specific power. Although strength is a crucial 
component for every athlete to posses, unless it is converted to sport-specific power, it 
may not be functional, as most events require explosive contractions with strength if 
one is to excel. 
Another important component of the power phase is that full recovery is 
allowed between bouts of exercise which include weight training and speed work. If 
speed work is performed, it is increased to near competition paces. 
As the power phase progresses, the intensity increases to 90% to 95% RM 
while the volume is lowered to 2 to 3 repetitions and 3 to 5 sets. IS Some controversy 
exists, however, concerning the % RM at which to train during this phase. While the 
National Strengthening and Conditioning AssociationlS recommends 90% to 95% 
RM, Bompa2 recommends training at 50% to 80% RM. The latter of these 
suggestions seems more viable as it would allow training at a higher velocity. It is 
this velocity component which has far reaching import whe~ converting strength to 
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power. A prudent guideline may be to perform power exercises at 90% to 95% RM 
(e.g. power clean, snatch, push press) and all other nonpower exercises (e.g. leg 
extensions, leg presses, military press, etc.) at 50% to 80% RM. However, this is only 
a guideline as benefits would be accrued even if the power exercises were performed 
at 50% to 80% RM. 
The power phase is typically followed by another transition period. This 
period consists of all activities previously performed but at a lower intensity level and 
volume. This volume reduction enables the athlete to recuperate physically and 
mentally for the competition period that is to follow. 
Competition Period 
The competition period is the second meso cycle which follows the power 
phase of the preparatory period (first mesocycle). This competition period is usually 
one to three weeks in length although in some team sports is can be much longer. An 
example of a longer competition period would be basketball, which actually lasts 
several months. 
The main goal of this period is to place the athlete at peak levels of strength 
and performance for the competition, which is relatively short. However, ifthe 
competition is longer, such as the basketball example, then workout intensity must be 
manipulated on a weekly basis using the tool of the micro cycle (one week). But 
generally speaking this period is defined by a very high intensity (95% to 100% 
1 RM) and a very low volume (1 to 3 repetitions and sets). 
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Active Rest / Transition Period 
The 3rd mesocycle is sometimes referred to as active rest or the transition 
period. This period occurs in the early offseason after the last competition. Activities 
are usually unstructured, nonspecific, and performed at low intensity and volume. 
Examples of activities performed during this time would be low intensity weight 
training, bike riding, swimming, racquet sports, and other physical activities 
performed on a recreational basis. There should be no psychological stress from 
training or competition. This is important because it is difficult to train with maximal 
effort continuously without feeling the effects of overtraining both mentally and 
physically. Therefore, the active rest period should represent an active vacation in 
which the athlete is able to physically participate in areas of interest which mayor 
may not have carry over to the athletic event. This time of decreased intensity should 
allow the athlete to return to training in the preparatory period fully recovered both 
physically and psychologically. 
Summary 
The terminology of periodization can become confusing. However, the 
concepts are not as complicated as they might seem. To aid in conceptualizing this 
process holistically, training parameters of periodization are summarized below (see 
Table 1). The only omission from this table, with regards to the preceding discussion, 
are the week-long transitional periods after the hypertrophy and power phases. The 
parameters listed below are only guidelines to follow and do not represent a rigid set 
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of rules. Periodization was developed assuming that an ultimate combination of sets, 
weight, and repetitions for each person does not exist. Given the great variation in 
individuals and their response to training, this is a valid assumption. Once again, the 
fundamental concept behind periodization is to add variety to training in order to 
prevent stagnation. Thus, any variety is better than feeling overwhelmed by 
periodization strategies and consequently not utilizing the concept. One should keep 
the basics in mind: start with low intensity and high volume and progress to high 
intensity and low volume. In the next chapter an overview on creating a periodization 
program will be explored. For a summary of how the periodization cycles, periods, 
and phases are interrelated please see the organizational chart below (Figure 2-2). 
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Table I.-Summary of periodization training for a strength / power sport. 
Hypertrophy/ Strength Power Competition Active Rest 
Endurance "Peaking" Transition 
Sets 3-5 3-5 3-5 1-3 Physical 
activity but 
Repetitions 8-20 2-6 2-3 1-3 not 
necessarily 
Intensity low moderate high very high resistance 
training. 
%lRM 50-75% 80-88% 90-95% 95-100% 
50-80% 
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R:ricrli7a1imof~ 
PERIODIZATION: 
Refers 10 periods of time 
with manilUlation of training stimulus 
I Macrocycle- usual~1 year I 
I Mesocycle-2·3 months I (MiClocycle-1 week) 
Prepatory Trans~ion Competition Active Rest or Trans~ion 
Period Period Period Period 
(offseason & preseason) SI~ht increase in intensity (ins eason-very high intensi y) (offseason) 
Major emphasis-cond~ioning 1·2 weeks Major emphasis-skill & strategy 1-4 weeks 
Phase I: Phase II: Phase III: 
HYPERTROPHYI STRENGTH POWER 
ENDURANCE (offseason) (preseason) 
(offseason) 
I I I 
High volume: Moderate volume: Low volume: 
3·5 sets, 8·20 reps 3·5 sets, 5.0 reps 1·5 sets, 2-4 reps 
Low intensity: Moderate intensny: High intensity: 
50.75% 1 RM 80·88% 1 RM 90.95% or 50-80% RM 
Figure 2-2: Summary of interrelationships between periodization cycles, 
periods, and phases. 
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CHAPTER 3 
PLANNING A PERIODIZATION PROGRAM 
Overload Principle and Step-type Microcycle Progression 
An effective strength training plan must be simple, objective, and flexible. 
Success takes planning and good organization. Bompa expressed this well by 
explaining, " ... a training program is successful only if it is well designed, it is based 
on the scientific knowledge available in this field, and if it considers the periodization 
of strength as the key guideline .... ,,2 Thus to be successful, planning with careful 
organization and base training strategies on concepts of periodization of strength is 
essential. 
In planning a periodization of strength program, or any program to induce 
increases in performance, including the principle of overload is essential if one is to 
succeed. Perhaps this point can best be illustrated by an example from Greek 
Mythology? Milon of Croton, who was a student ofPythagorus, decided in his teen 
years that he wanted to be the strongest man in the world. To accomplish this task he 
started to lift and carry a calf for a specified distance everyday until he was a man. 
With time the calf eventually grew into a full grown bull. Thus, because Milon 
gradually increased the weight that he was lifting, he became the strongest man in the 
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world. Although this example is fictitious, the scientific principle of progressive 
resistive exercise and overload is documented. 
The key to successful overload in any resistance training program is to 
increase the workload gradually while considering each individual's physical and 
psychological abilities.2 Psychological abilities are mentioned because just as some 
individuals are better able to handle resistance training physically, so it is with the 
mind. Some people are highly motivated and thrive on constant challenges while 
others will quit if faced with the same situation. 
As mentioned above, a gradual increase in load is especially important 
because if the training stimulus is too large, instead of adapting, the physiological or 
psychological systems may plunge into the stage of exhaustion, creating 
maladaptation. Clearly, maladaptation will lead to a decrease in performance. Put 
simply, a gradual increase in workload leads to a healthy mind and body. It helps 
individuals stick with the training regime because they are not overwhelmed or 
overworked. Gradual progression also gives time for physiological and psychological 
adaptations to occur so that more work can be accomplished the next time the 
exercise stressor is encountered. 
With the knowledge that overload is an important principle, a question can be 
asked: What is the best manner in which to overload a muscle? Several studies 
indicate that periodization may be a superior method of overload. However, first 
some traditional applications of overload will be explored. 
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One traditional application of the overload principle is to apply the same or a 
very similar load to the muscle all year. Consider the example of a physical therapist 
who instructs all of his patients to follow the same progression in their home exercise 
program. This therapist specifically advises these patients to adjust the resistance for 
their exercises so that they can perform about 10 repetitions per set. When this 
becomes easy or when they can perform 15 repetitions, they are advised to increase 
the load so that they are once again restricted to about 10 repetitions. This therapist is 
not giving the patients completely unsound advice because the method prescribed 
does apply the principle of overload. This program design is also very easy to 
understand and follow from the patients' point of view. However, one problem is that 
this therapist has assigned these patients to working at the same load (intensity) all 
year round. In other words, when only working in the 10 repetition range this 
represents training at about 75% of one's 1 RM. Clearly, this program does not 
follow the concept of periodization in which the exercise workload is constantly 
modified. The author realizes that for some patients this program would actually be 
the most appropriate due to simplicity of application and patient compliance. 
However, the point is that this prescription is not optimal for strength gains due to its 
lack of variety. 
Another classical application of the overload principle, as it was set forth by 
its founders, is that hypertrophy and strength will only increase if muscles work at 
their maximum capacity against work loads that are not usually encountered?7 Strict 
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adherence to the overload principle always increases the workload, never decreasing 
the load once the weight is increased (see figure 3-1). 
While it is true that a muscle must be stressed beyond that to which it is 
accustomed, a question remains whether the contractile tissue has to be maximally 
stressed at each workout or whether placing such maximal demands on a system truly 
results in maximal gains in strength. In short, is it better to maximally stress a muscle 
with each workout or is it more prudent to have some high workload days 
interspersed with low workload days? One might also wonder if it is truly in the best 
interest of the trainee or of strength gains to always increase the workloads without 
giving the body and mind time for reprieve. It may be extremely difficult both 
physically and psychologically to train to exhaustion on a regular basis. 
The Romanian sports scientist, Bompa,28 advises that according to his 
research and experience, the classical applications of the overload principle do indeed 
lead to strength gains but only initially. He asserts that most research studies 
exploring strength programs are only over a four to six month period. During this 
short of a time frame most individuals will show gains in strength no matter what 
program they follow. However, with the classical application of the overload theory a 
plateau stage follows these initial gains in strength. Furthermore, training for four to 
six years is much different. than training for four to six months. To prevent this 
plateau phase for those who perform long-term training, Bompa suggests increasing 
the exercise load in a "step-type" manner. 
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Load 
Time ------------+. 
Figure 3-1: An illustration of increases in load increments according to the 
classical overload principle. 
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The step-type approach, unlike the classical overload approach, realizes the 
physical and psychological need for increases in training loads to be followed by a 
period of unloading (decreased workload). This period of unloading gives the body 
and mind time to adapt, so they are ready for new increases in workload. To illustrate 
how the step-type method of overload works it will be helpful to refer to figure 3-2 
below. 
In Figure 3-2 each microcycle (typically 1 week) is labeled 1,2,3, and 4, 
respectively. The four microcycles comprise a meso cycle which typically lasts about 
4 weeks (1 month). The vertical lines represent the increases in load from previous 
training sessions and the horizontal lines represent the time that is allotted for 
adaptation to the new load. In steps 1, 2, and 3 there is an increase in load from the 
previous week of training. Note that these increases in load occur once per week and 
should not be misinterpreted to be an increase in load at every training session. 
On the fourth step there is a decrease in the training load unlike the traditional 
method of training. This decrease allows the trainee time to recuperate both 
physically and mentally from the previous increases in load. The decrease in training 
load also recognizes the fact that no one can train at maximal intensity 100% of the 
time. 
Step 4 is not seen as a setback in periodization even though there is a decrease 
in load, because during the next week the load is once again increased. Furthermore, 
once this last microcycle is completed, the whole cycle is repeated. Thus, instead of 
the load being increased in an ever increasing pattern, as with the classical overload 
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L 1 (Adaptation) 
o High 
(Increase in loadJ-~ 
A Medium 
2 4 
D Low 
Microcycles (time )~------+ 
Figure 3-2: Increasing training load in step-type pattern of a mesocycle. 
Adapted from Bompa T. Periodization o/Strength: The New 
Wave in Strength Training. Toronto, Canada: Veritas Publishing 
Inc; 1~94. 
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method, it is increased in a rolling wave-like pattern to allow time for recovery. 
However, even though the load pattern is oscillatory, the strength progress is 
continuous (see figure 3-3 below). 
In summary, the key to successful use of the overload principle is to have 
periods of gradually increasing load interspersed with periods of decreasing load to 
allow for recuperation. As is always the case with periodization, variation to avoid 
the stage of exhaustion is of paramount importance. 
In addition to comprehending how microcycles are generally progressed on a 
weekly level, the progression of a microcycle on a daily level also needs to be 
understood so that daily workouts can be planned. After all, it is in the daily 
workouts where overload to the muscle takes place. This is why the microcycle is 
probably one of the most important concepts when discussing periodization. It is at 
this level that the professional plans the variation of the stimulus on a daily and 
weekly basis. 
Above, the step-type weekly progression of a microcycle was described. Like 
the weekly progression of a micro cycle, the daily progression of the micro cycle 
follows this same step-type progression (see Figure 3-4 below). This particular 
weekly microcycle has two low intensity days, three moderate intensity days, one high 
intensity day, and one day of rest. This kind of a cycle would be used for a beginner 
who was training different muscles each day. This micro cycle is considered low in 
intensity because the number of low intensity days are less frequent than the high 
intensity days. 
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Training Load 
1 
Load Performance (strength) 
Microcyc1es (time) ___________ -+ 
Figure 3-3: The curve of the load oscillates while the performance (strength) 
increases continuously. Adapted from Bompa T. Periodization of 
Strength: The New Wave in Strength Training. Toronto, Canada: 
Veritas Publishing Inc; 1994. 
34 
Load Mon. Tues. Wed. Thurs. Fri. Sat. Sun. 
High 
Mod. 
Low 
Rest 
Figure 3-4: Example of daily progression of a low intensity microcyde. 
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However, to increase the microcycle intensity other combinations are possible 
such as with the micro cycle outlined below in figure 3-5. This microcycle is typical 
of what many bodybuilders would follow because it enables one to work different 
muscle groups each day. For example, the following advanced training regime could 
be followed: Legs trained on Monday and Thursday; arms, shoulders, and 
abdominals trained on Tuesday and Friday; and back and chest trained on Wednesday 
and Saturday. Sunday would serve as a day of rest/recovery. This kind of a training 
plan allows two days of recovery for each body part between training sessions. 
Further variation can be added by changing what exercises are done within 
these training days for the same body part?9 For example, on Monday (leg day) 
squats, seated knee extensions and curls, and seated calf raises could be performed. 
On Thursday (second leg day), squats, leg press, standing knee curls, lunges, seated 
knee extensions, and standing calf raises could be utilized for stimulus variety. 
Both of the previous examples demonstrated workouts in which the individual 
would be working out everyday. It is possible to design a microcycle so that only 
three days are trained per week (see Figure 3-6 below). This would be useful if an 
individual was not able to workout every day due to time constraints or if that 
individual was performing a total body workout everyday. This kind of a training 
program could be used in the outpatient physical therapy setting as clients are often 
seen three times per week. 
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Load Mon. Tues. Wed. Thurs. Fri. Sat. I Sun. 
High 
Mod. 
Low 
Rest 
Figure 3-5: Example of daily progression of a high intensity microcycle. 
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Load Mon. Tues. Wed. Thurs. Fri. Sat. Sun. 
High 
Mod. 
Low 
Rest 
Figure 3-6: Low intensity microcyc1e with 3 days of training and 4 days of 
rest. 
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The figures listed are merely a few combinations of many. For example, the 
cycle could be planned so that there were two moderate intensity days instead of one, 
or two high intensity days. The order of intensity progression could also be reversed 
so that it descends as the week progresses. For example, Monday could start as a high 
intensity day, followed by a moderate intensity day on Wednesday, and a low 
intensity day on Friday. This may actually be the most logical microcycle progression 
as the athlete should be at peak strength levels on Monday because of the two 
previous days of rest for recovery. The training days on Wednesday and Friday also 
have the disadvantage of steadily decreasing glycogen stores and decreased recovery 
time as compared to Monday. Given this information it would seem that a high to 
low intensity progression of the micro cycle would be optimum. 
While the possibilities are endless, the daily micro cycle should be created 
considering the physical capabilities of the lifter (well conditioned vs. deconditioned), 
the phase of the cycle (hypertrophy, strength, or power), and the other physical 
activities which may be in the lifter's schedule. 
Another important aspect of planning the micro cycle is that high intensity days 
are followed by days of complete rest or low to moderate levels of intensity. As 
stated previously, these light training days are necessary to facilitate recovery from 
heavy days. Other changes that are possible within the microcycle include variations 
in the exercises performed as well as exercise order. 
In addition to planning the microcyde on a daily and weekly level it is often 
necessary to plan out a whole year of training (macrocycle). This is especially true 
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when working with advanced lifters who have trained for years. To construct a 
training program for an entire year it is useful to first decide when the athlete needs to 
peak for competition and to then base the mesocycles around these competition 
periods so that at the end of each mesocycle the athlete is ready to compete. Next, 
each mesocycle is broken into microcycles and the daily routine is planned following 
the intensity and volume recommendations for each phase within the meso cycle. 
Table 2 shows the time relationships between the different periods, cycles, and 
phases. In this diagram it can be seen that the smallest unit to be planned is the 
microcycle. These microcycles form mesocycles (four to six weeks each), which in 
turn comprise periods (four to five months each). Furthermore, three periods roughly 
make up one macro cycle (one year). 
Planning Sets, Repetitions, and the Length of the Rest Interval-Changing the Load 
As previously described there are many ways in which the load can be 
progressed during the microcycle. However, a question still remains to be answered: 
how does one increase or decrease this load? Increasing the load in a weight training 
program can be done in four ways: 1) increase weight, 2) increase the number of 
sets, 3) increase the number of exercises, and 4) increase the number of repetitions. 
Therefore, during the micro cycle, all of these factors become important variables for 
the professional to manipUlate (periodize) so as to bring about increases in strength. 
A set could be defined as the number repetitions performed before a rest 
interval is taken? A rest interval is simply the time one waits between sets. 
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Table 2.-Time relationships between the different periods, cycles, and 
phases. 
Macrocycie-Annual plan of 1 year. 
Periods Preparatory Competitive Active Rest! 
(4-5 months) Transition 
Mesocycles Hyper- Strength Power Hyper- Strength Power 
(4-6 weeks) trophy troJhy 
Microcycles II I III III I I III III I I I I I (l week) 
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Manipulation of sets in the periodization program is essential as it provides a great 
way to add training variety to workouts. One key factor to realize about sets is that 
their relationship to the number of exercises performed is inversely proportional. In 
short, the more sets that are performed, the fewer the number of different exercises 
are assigned for that workout. This is somewhat intuitive because people only have a 
limited amount of energy and work capacity. To require the body to perform many 
different exercises combined with many sets would lead to undue fatigue, 
overtraining, and to Selye's stage of exhaustion. Since professionals want their 
athletes and patients to avoid this stage of exhaustion this inverse relationship must 
always be kept in mind. 
When determining the number of sets to be assigned, one should first consider 
the physiological system that is to be affected. For example, consider a therapist who 
is treating patients who need high muscular endurance for a specific movement at 
work. In this case, the number of repetitions would be most important, since 
endurance is the component which should be influenced. However, with regard to the 
number of sets per exercise, when training for endurance even 3 sets may be difficult 
and more than 4 is never indicated? Clearly, in this example the number of sets is 
dictated by the physiological system ( endurance) that is to be impacted. 
In addition to considering what physiological system is to be trained, the 
professional must consider the periodization training period. For example, when one 
is in the first phase of the preparatory period, it is best to perform many exercises with 
fewer sets and more repetitions for hypertrophy and endurance development. 
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However, as the competitive period nears there is a gradual shift in intensity in which 
fewer exercises are performed with more sets. Be aware that this progression is 
following the general progression from low intensity and high volume to high 
intensity and low volume. Finally, during the competitive phase both the number of 
exercises and sets are decreased to allow more energy for skills training and the 
competition itself. 
This principle could be applied to physical therapy, for after the patient has 
created a base of strength, perhaps less time could be devoted to actual strengthening 
activities while more time could be devoted to functional activities such as 
ambulation or balance training. For the injured worker this may mean spending more 
time performing the physically demanding tasks in a work simulation setting. The 
key component is to build a base of strength and then to' progress to skill training with 
perhaps a maintenance strength program. 
As with the number of sets and exercises mentioned previously, the number of 
repetitions and % RM is inversely proportional. Therefore, as the % RM increases, 
the number of repetitions decrease and vice versa (see Table 3 below). 
When determining the number of reps and % RM at which to train, one must 
consider the physiological systems being trained and the period of the periodization 
cycle being utilized. For instance, to train for maximum strength, 1 to 7 reps should 
be performed at 85% to 105% RM; if training for power, 5 to 1 0 reps at 50% to 80% 
RM; if muscular endurance of short duration, 10 to 30 reps nonstop at 30% to 50% 
RM; and if training for muscular endurance of long duration, a maximum number of 
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Table 3.-Relationship between load and 
number of repetitions. Adapted from 
Bompa T. Periodization o/Strength: The 
New Wave in Strength Training. Toronto, 
Canada: Veritas Publishing Inc; 1994. 
%ofRM # of Reps 
100 1 
95 2-3 
90 4 
85 6 
80 8-10 
75 10-12 
70 15 
65 20-25 
60 25 
50 40-50 
40 80-100 
30 100-150 
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reps are performed nonstop up to or past 100 reps at 30% to 50% RM? Hence, all of 
the above repetitions and % RM assignments correspond to the physiological 
outcomes desired (i.e. strength, power, or endurance). The above assignments would 
also be consistent with the periodization phase being trained. For example, while in 
the "power" phase, 5 to 10 reps at 50% to 80% RM would be performed. The same 
would hold true for the other phases of the preparatory period (hypertrophy and 
strength). 
Although the number of reps and sets are crucial components, the rest interval 
between sets is perhaps just as important because it determines the metabolic system 
(anaerobic or aerobic) which is being stressed. In a more general sense the rest 
interval is essential because it allots an athlete the necessary time to replenish energy 
stores, so that more work can later be performed. The rest interval also, to a great 
degree, determines the quality of work which will be performed. For example, if an 
athlete takes very brief rest intervals, such as 15 to 30 seconds, the subsequent work 
would necessarily be ofa lower intensity and decreased quality because the ATP-CP 
energy systems would not have adequately recovered their energy stores. This is 
because it takes about 3 to 5 minutes for the A TP stores to be nearly replenished.! In 
short, when the rest intervals are brief the athlete is tired during the subsequent 
exercise bout and performance decreases. Given this knowledge it must now be 
considered how the professional is to determine the length of the rest interval. 
The length of the rest interval depends on whether one is training for 
hypertrophy, strength, power, or endurance. If one is training for maximum strength a 
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long rest interval of 3 to 5 minutes is generally recommended but can go as high as 7 
minutes. This long rest interval is needed because training for strength requires that 
one train at a high intensity (80% to 100% RM). Furthermore, when training for 
maximal strength one does not need to induce high levels of blood lactate (as would 
be the case with a short rest interval), because this is more of an endurance 
component. Therefore, when training at a high % RM, a relatively long rest interval 
is recommended. However, on the other hand, if the desired outcome of training is to 
improve muscular endurance, just the opposite would be true. Namely, a short rest 
interval, 1 to 2 minutes, at about 30% to 50% RM is utilized. The above examples 
only described two possible physiological components that one can train. A 
continuum of intensity levels (% RM) with the corresponding rest intervals actually 
exists: strength, hypertrophy, power, and endurance from most intense to least intense 
(see Table 4 below). 
In summary, the number of exercises, sets, reps, and length of the rest interval 
depend on the physiological systems being trained (strength, power, etc.) as well as 
the periodization period or phase. All of these variables can be manipulated by the 
professional to add variety to the strength training program so that gains in strength 
can be developed to their utmost potential. 
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Table 4.-Guideline for rest intervals at different loads 
(intensities) and corresponding training results. 
Load Rest Interval Training 
(%RM) (minutes) Results 
80-100 3-7 Strength 
60-80 2 Hypertrophy 
50-80 4-5 Power · 
30-50 1-2 Muscle endurance 
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Example of periodization meso cycle broken down into micro cycle components: 
(Adapted from Walthen D. Periodization: concepts and applications. Baechle TR. ed. 
Essentials o/Strength and Conditioning. Champaign, Ill:-Human Kinetics; 1994:459-
472.) 
HypertrophylEndurance Phase: 
Week 1 
Heavy day 
Moderate day 
Light day 
Week 2 
Heavy day 
Moderate day 
Light day 
Strength Phase: 
Week 3 
Heavy day 
Moderate day 
Light day 
Week 4 
Heavy day 
Moderate day 
Light day 
Unloading Week: 
Week 5 
Heavy day 
Moderate day 
Light day 
Power Phase: 
Week 6 
Heavy day 
Moderate day 
Light day 
Week 7 
Heavy day 
Moderate day 
Light day 
3-5 sets of8-12 reps with 70% of 1 RM 
3-5 sets of8-12 reps with 60% of 1 RM 
3-5 sets of 8-12 reps with 50% of 1 RM 
3-5 sets of 8-12 reps with 75% of 1 RM 
3-5 sets of 8-12 reps with 70% of 1 RM 
3-5 sets of 8-12 reps with 60% of 1 RM 
3-5 sets of 5-6 reps with 85% of 1 RM 
3-5 sets of 5-6 reps with 80% of 1 RM 
3-5 sets of 5-6 reps with 70% of 1 RM 
3-5 sets of 5-6 reps with 85% of 1 RM 
3-5 sets of 5-6 reps with 80% of 1 RM 
3-5 sets of 5-6 reps with 70% of 1 RM 
1-3 sets of2-4 reps with 80% of 1 RM 
1-3 sets of 2-4 reps with 70% of 1 RM 
1-3 sets of 2-4 reps with 60% of 1 RM 
3-5 sets of2-4 reps with 90% of 1 RM 
3-5 sets of2-4 reps with 80% of 1 RM 
3-5 sets of 2-4 reps with 70% of 1 RM 
3-5 sets of2-4 reps with 92.5% of 1 RM 
3-5 sets of2-4 reps with 80% of 1 RM 
3-5 sets of2-4 reps with 70% of 1 RM 
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Week 8 
Heavy day 
Moderate day 
Light day 
Week 9 
Heavy day 
Moderate day 
Light day 
3-5 sets of 2-4 reps with 95% of 1 RM 
3-5 sets of2-4 reps with 85% of 1 RM 
3-5 sets of2-4 reps with 75% of 1 RM 
1-2 sets of 1 rep with 105-110% of 1 RM 
1-2 sets of 1 rep with 100% of 1 RM 
1-2 sets of 1 rep with 70% of 1 RM 
Once this cycle is completed the athlete is retested so that the new 1 RM is 
ascertained and then the cycle is repeated. This mesocycle should be completed just 
prior to a competition. 
In the above periodization example, the power phase % RM values set forth 
by the NSCA of 90% to 95%+ were used since this program was specifically designed 
for an athlete performing power exercises such as power clean, squat, or bench press. 
If one were performing body part exercises (e.g. armIleg curls, leg extensions, military 
press, tricep extensions) the 50% to 80% RM guidelines recommended by Bompa 
would probably be more suitable. For further discussion on this topic refer to chapter 
2 under the "Phase II: Power" heading. 
It should also be noted that if one did not want to test the athlete's 1 RM due 
to the increased risk for injury associated with this kind of testing, a 3,5, or 10 RM 
test, for example, could be used. However, then a table would need to be consulted to 
determine at what load (weight) the athlete would need to train for the corresponding 
phase % RM. For a listing of such tables please see appendix. An equation will also 
be presented in the chapter to follow which could be used to estimate the load at 
which to train if 1 RM testing is not desired. 
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CHAPTER 4 
CLINICAL IMPLICATIONS OF 
PERIODIZATION TO PHYSICAL THERAPY 
As in athletics, in physical therapy strength is not an end in itself. Instead, it is 
only useful if it leads to an increase in perfonnance, or in PT as it is able to decrease 
injury, pain, or increase function. However, strengthening is indeed a vital part of any 
physical therapy program and when combined with functional training can become a 
powerful tool. 
Need for Periodization Due to Decreased Treatment Duration 
It is common knowledge to the physical therapist that treatment times are 
slowly becoming shorter, leaving the therapist with less time to accrue the same 
results. This is partly due to the ever increasing popularity of Health Maintenance 
Organizations (HMOs) as well as the cost containment efforts that are occurring in the 
medical profession. Physical therapy services may seem convenient to reduce costs as 
outcomes can be hard to measure at times. Since therapists are given less time to 
obtain the same results and because strengthening is an integral part of therapy, as it 
can lead to increases in function, the quickest scientifically proven method to 
facilitate strength gains must be used. This is in the patient's best interest and is also 
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prudent from a cost containment perspective. The literature to date demonstrates that 
periodization of strength is the quickest way to increase strength.12, 17-20,22-26 
Unfortunately, many therapists continue to use outdated strengthening techniques 
even on higher functioning patients. This may be one reason why some patients 
return to physical therapy with the same complaints. Perhaps they were not 
adequately strengthened the first time. 
Reasons Periodization May Not Be Currently Used in Physical Therapy 
Why do therapists not use periodization of strength? The answer to this 
question is multifaceted and will only be answered so as to point in a direction for 
change. One reason may be that therapists simply are not aware of periodization 
strength principles even though the basic concept is very simple-varying the training 
stimulus. Periodization is not taught in physical therapy schools nor is it found in any 
of the physical therapy related literature. Physical therapists may likely not use 
periodization principles because they may not be aware of them in the first place. 
A second contributing factor may be that therapists don't use periodization 
because they are frequently rushed during the day to get paperwork done or to see an 
ever increasing number of patients in the interest of "productivity." Being rushed 
during the workday leaves little to no extra time for thinking of new ways to periodize 
patient programs. Therefore, when patients come in it is much easier and expedient to 
give the patient a general strengthening program. This is acceptable during the 
beginning of treatment as most previously de conditioned individuals will respond to 
51 
the standard form of progressive resistive exercise (PRE). However, once patients 
adapt to PRE it may well be time to implement a periodized program so that gains in 
strength can be maximized. There is no need to use outdated methods of 
strengthening when better methods are available such as periodization. 
There is a responsibility for the profession of physical therapy to learn 
periodization of strength principles and apply them diligently when appropriate. It 
must now be determined when periodization principles are appropriate to use in the 
physical therapy profession. 
Inappropriate Candidates for Periodization 
First, the patients that are not good candidates for periodization will be 
considered. Since therapists must assign home programs that are to be carried out by 
their patients, unmotivated patients or patients with dementia are not appropriate 
candidates for periodization when they are not supervised. This situation might occur 
on a home exercise program with infrequent visits to the therapist. Unmotivated 
patients would not be willing to take the mental effort to keep track of what week it is 
and how many repetitions they should be performing with the corresponding weight. 
Demented or forgetful patients without supervision may not be good candidates either 
because they may not be able to remember how to carry out a periodization program 
even if motivation were not an issue. 
Other patients for which periodization would not be the treatment of choice 
include low-functioning patients for which periodization might prove too vigorous 
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and generally deconditioned patients who would respond to less intense forms of 
PRE. Elderly, obese, and acutely injured patients also in general would not be 
appropriate candidates for periodization as their physiological systems will easily be 
overloaded by any exercise stimulus. 
Appropriate Candidates for Periodization 
There are many patients who would reap great benefits from engaging in a 
periodization program. Obviously, athletes who are in the later stages of the rehab 
process and need to regain strength that is equal to or greater than what they had 
before their injury would be excellent periodization candidates. Perhaps they were 
injured in the first place because of weakness. This would be a case in which 
periodization would definitely be needed ~o as to help them reach their full strength 
potential before returning to competition with what may seem to be full strength. 
Another area that necessitates periodization techniques is in the industrial 
medicine arena. Typically this would involve a patient who was injured at work and 
needs to return to work as soon as possible. Often times injured workers are referred 
to physical therapy for general strengthening and conditioning, along with ergonomic 
instruction, so that they will be able to return to work and not be injured again. 
However, what therapists may forget is that often these patients are already fairly 
strong because they may lift continuously on a job that requires intensive manual 
labor. Therefore, after being on a standard PRE program for a few weeks these 
patients could be placed on a periodized workout to quickly reach higher levels of 
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strength than experienced before the injury. It would also be a good idea to periodize 
functional activities in physical therapy such as lifting a weighted box from the floor 
if this pertained to the job. 
In addition to athletes and injured workers, any higher functioning patient with 
motivation and coherence could be taught to apply the principles of periodization by a 
knowledgeable physical therapist. The patient who is motivated would most likely 
want to use the most effective strengthening method so that a return can be made to 
the highest level of function as quickly as possible. Furthermore, with an oriented 
mind this motivated patient would be able to perform a periodized home exercise 
program even if not supervised by the therapist after discharge, if the appropriate 
handouts and explanations were given. 
However, periodization training need not be reserved for the sharp of mind 
and the motivated. If supervised, even the unmotivated and demented patient could 
perform a periodized workout, as the therapist would determine the correct number of 
sets, repetitions, and weight to be used at the beginning of each workout session. But 
if not supervised, these patients should not be placed on periodized programs. 
Periodization Prudent from a Rehabilitation Standpoint 
Earlier chapters of this study suggested tha~ periodization follows a safe 
progression from a rehabilitation perspective. Namely, the periodization cycle starts 
with high repetitions (hypertrophy phase) of 8 to 20 repetitions and stays at this level 
for several weeks (about 4) before increasing the load. This is prudent from a 
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rehabilitation perspective because it gives the injured muscles, tendons, and ligaments 
time to adapt and strengthen before heavier loads are encountered. Periodization 
principles also stress gradual progression from low intensity to high intensity 
workouts once again allowing time for strengthening of tissues. 
In addition to allowing tissues time to strengthen, periodization provides 
psychological benefits superior to standard training. Periodization uses the step-type 
approach in which an unloading phase follows previous loading steps. This is 
essential as it gives the probably already drained patient time to take a reprieve from 
the intense workouts so as to recover mental and physical energy for following 
progression in the exercise program. It may also help to motivate patients as they 
will most likely not get so frustrated knowing that training to exhaustion on a daily 
basis is not necessary. 
Periodization Less Boring in Physical Therapy Workouts 
Because periodization requires frequent Ghanges in the training parameters, it 
has the benefit of helping to add variety to workouts. This would definitely aid in 
breaking up the monotony of the "usual PT routine." Periodization could add 
excitement to physical therapy sessions because instead of patients knowing exactly 
what they were going to be doing before they even arrived at therapy, they would be 
surprised by a change in sets, repetitions, exercises, and or weight. 
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Periodization Simple and Practical for the Clinical Setting 
With all of this talk of changing sets, repetitions, exercises, and weight one 
may begin to think that periodization sounds appealing but in the final analysis is too 
complicated to be used on patients because it requires extensive planning to get all of 
the phases correct. It is true that for the highly trained Olympic athlete carefully 
planned periodization is necessary. However, for a patient in physical therapy who 
has never engaged in a periodization program before, some periodization is better 
than no periodization. The periodization plan can be simplified so that it is easy to 
apply to most patients with minimal adjustments. 
The plan that will be introduced does not show concern for periods nor will it 
be concerned with the terminology of the different cycles (mesocycle etc.). Instead, 
the proposed program will merely follow the general parameters set forth in the 
periodization phases with a few minor adjustments to the corresponding percentages 
of the RM values utilized previously. 
In the proposed physical therapy periodization program the phases will follow 
the normal sequence: hypertrophy/endurance, strength, power, and active rest. 
However, the reader may have noticed that some of the RM percentages during the 
strength and power phase may become too high for someone recently recovering from 
injury or surgery. Therefore, 10% RM can be subtracted from each phase so as to 
obtain the corresponding repetition values that should be safe for most stages in 
rehabilitation. 
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However, due to the large variation of patients seen in physical therapy these 
recommendations are only guidelines. The workout below may not be appropriate for 
every diagnosis so discretion is advised, keeping case specific precautions in mind. 
For example, a protocol for a rotator cuff injury may require that the patient's arm be 
immobilized and then progressed slowly through isometric, eccentric, and concentric 
exercises. Clearly, in this example, it would not be in the patient's best interest to 
begin a periodization program. Hence, when applying periodization to a physical 
therapy exercise program awareness of the precautions and compliance to protocol is 
essential. Even though periodization may be appropriate for many patients, it may not 
be prudent for all diagnoses or in the early stages of rehabilitation such as following 
surgery. 
At the end of chapter 3 a periodization example for athletics was given. This 
same example will now be modified, as outlined above, with 10% reductions in RM 
and repetitions to create the following physical therapy periodization program. The 
example below was constructed by subtracting 10% from each RM and then the 
appropriate number of repetitions was assigned using Table 3. This sample 
periodization workout is to serve only as a guideline and is by no means a rigid 
program to which adherence is mandatory. It is felt by the author, however, that this 
program is prudent to use with appropriate periodization candidates because the 
repetitions during the strength and power phases have been markedly reduced. 
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HypertrophylEndurance Phase: 
Week 1 
Heavy day 
Moderate day 
Light day 
Week 2 
Heavy day 
Moderate day 
Light day 
Strength Phase: 
Week 3 
Heavy day 
Moderate day 
Light day 
Week 4 
Heavy day 
Moderate day 
Light day 
Unloading Week: 
WeekS 
Heavy day 
Moderate day 
Light day 
Power Phase: 
Week 6 
Heavy day 
Moderate day 
Light day 
Week 7 
Heavy day 
Moderate day 
Light day 
Week 8 
Heavy day 
Moderate day 
Light day 
3-S sets of 12-20+ reps with 60% of 1 RM 
3-S sets of 12-20+ reps with SO% of 1 RM 
3-S sets of 12-20+ reps with 40% of 1 RM 
3-S sets of 12-20+ reps with 6S% of 1 RM 
3-S sets of 12-20+ reps with 60% of 1 RM 
3-S sets of 12-20+ reps with SO% of 1 RM 
3-S sets of 10-IS reps with 7S% of 1 RM 
3-S sets of 10-IS reps with 70% of 1 RM 
3-S sets of 1 0-IS reps with 60% of 1 RM 
3-S sets of 10-15 reps with 7S% of 1 RM 
3-S sets of 10-15 reps with 70% of 1 RM 
3-S sets of 10-IS reps with 60% of 1 RM 
1-3 sets of 8-12 reps with 70% of 1 RM 
1-3 sets of 8-12 reps with 60% of 1 RM 
1-3 sets of8-12 reps with SO% of 1 RM 
3-S sets of8-12 reps with 80% of 1 RM 
3-S sets of8-12 reps with 70% of 1 RM 
3-S sets of8-12 reps with 60% of 1 RM 
3-S sets of8-12 reps with 82.S% of 1 RM 
3-S sets of 8-12 reps with 70% of 1 RM 
3-S sets of 8-12 reps with 60% of 1 RM 
3-S sets of8-12 reps with 8S% of 1 RM 
3-S sets of8-12 reps with 7S% of 1 RM 
3-S sets of 8-12 reps with 6S% of 1 RM 
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Week 9 
Heavy day 
Moderate day 
Light day 
1-2 sets of 3-8 reps with 95% of 1 RM 
1-2 sets of 3-8 reps with 90% of 1 RM 
1-2 sets of 3-8 reps with 80% of 1 RM 
Once these phases have been completed a new RM value will be established 
and the phases will be repeated after an active rest period of 1 week. The method of 
re-establishing the new RM for the physical therapy patient will also be different than 
the traditional method used for the athlete. In the traditional periodization system 
used in athletics, the athlete's new RM was determined by an actual testing session in 
which weight was added until the 1 RM was reached. However, with the physical 
therapy patient this 1 RM testing session will be avoided completely to avoid risk of 
injury. Instead, the patient will be retested using a 10 RM method. In this testing 
session resistance will be added until the patient is able to perform 10 repetitions in 
good form but not 11. This new 10 RM will establish the new starting point for the 
next periodization cycle as the therapist would have a starting point at which to begin 
to determine weight values. For example, if a patient's 10 RM was found to be 30 
pounds, the therapist would know that adding weight above 30 pounds would 
decrease repetition values below 10 repetitions (above 80% RM). On the other hand, 
if weight was decreased below 30 pounds the therapist would know that the patient 
would be approaching decreased RM values (below 80% RM). Hence, this 10 RM 
test would give the therapist a poundage starting point so that less trial and error is 
needed to find the correct weight at which the patient should start. Having baseline 
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data in the form of a 10 RM would give the therapist the means to evaluate strength 
gains, as a 10 RM retest could be performed every 3 to 4 weeks. 
Once the 10 RM is determined, the therapist then must simply adjust the 
weight being lifted so that the patient is able to perform the desired number of 
repetitions for each phase. This method would require that the patient give near 
maximal effort so that the correct weight (% RM) is used. Verbal encouragement 
from the therapist would be important to help ensure that the patient gives good 
effort. The tables could also be used to determine the correct weight at which to train. 
To help illustrate this process consider the following example. An athlete 
diagnosed with a quadriceps strain has been participating in a standard PRE program 
for 2 weeks without difficulty and has been determined to be an appropriate candidate 
for periodization. The patient's 10 RM (corresponds to about 80% RM) on the leg 
extension machine was then found to be 60 lb. Next, the patient was started in the 
hypertrophy phase (week #1) and from the chart above it was found that the 
recommendations for this period are to perform 12 to 20+ repetitions at about 60% 
RM. Because the patients 80% RM poundage was known (60 lb) from the 10 RM 
test the therapist immediately subtracted 10 pounds from the leg extension machine 
weight deck to estimate 60% RM. The athlete was then instructed to perform as 
many repetitions as possible in good form. At the completion of the set the athlete 
was able to complete 16 repetitions. Since the athlete was within the 12 to 20 
repetition range, the therapist determined this to be a good starting weight 
corresponding to roughly 60% of the patient' s 1 RM. The patient was then 
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progressed through the remainder of the periodization program with poundage 
adjustments as necessary to elicit the appropriate number of repetitions for each phase 
(e.g. strength phase-l 0 to 15 repetitions at 75%, 70%, and 60% RM for weeks 3 
and 4). 
Upon completion of all phases, the patient was placed on an active rest phase 
of 1 week in which activities such as biking, walking, jogging, recreational weight 
training, or swimming were performed. At the end of this week of active rest the 
patient's 10 RM was then retested and found to be 70 lb. This value was recorded as 
baseline data and the periodization cycle was started again, except this time the loads 
lifted were based on the new % RM poundage. 
Two equations have also been developed by Douglas Herron (unpublished 
data, 1997) which can be used in planning a periodization program. The first equation 
to be presented can estimate periodization training variables (i.e. weight, reps, or 
%RM) if any two of the three variables are present. The second equation allows the 
individual to calculate the number of repetitions or amount of load which can be 
performed when a baseline has been measured using another combination of a 
particular load or number of repetitions. These equations were derived from 
experimental data (see Appendix #1). The derivations of these equations are not 
included as they are beyond the scope of this paper. Equation #1 is as follows: 
Equation #1 
z = XJ\(·048·XI\.4). Y 
Where z=%RM 
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y = load (lbs) 
x = # of reps 
To give an example of how equation #1 could be applied, the following 
illustration will be given. Suppose a strength training coach had 30 individuals in a 
particular weight-training class at a given semester. Furthermore, this coach desired 
to place all individuals on a periodization program throughout the semester. Being 
aware of the harmful effects of attempting 1 RM lifts without prior physical 
conditioning, this coach decides to use equation # 1 to determine the students' 1 RM. 
The coach instructs the class to pick an arbitrary load which can be performed many 
times on a particular machine. The load and number of repetitions are then recorded 
for each student. These recorded values are then inserted into equation #1 and the 
estimated 1 RM for each student is obtained. From this, estimated 1 RM 
periodization training variables can be implemented with consideration to the 
appropriate phases using the suggested percent of the calculated 1 RM value. In other 
words, this equation predicts a 1 RM value when a combination of load and 
repetitions are known. Note that it is irrelevant what the initial number of repetitions 
and load are (i.e. someone could perform 20 reps and 30 lbs or 8 reps and 15 lbs). 
For the higher level athlete for which a performed 1 RM is known, the coach 
can also use equation number one to determine the load required to limit the athlete to 
a desired number of repetitions. This also works in reverse. If the coach has a desired 
weight at which the athlete should train it can be determined how many repetitions the 
athlete should be able to perform. 
Specifically, suppose one student lifted 225 lb on the bench press for 12 
repetitions. When inserting these numbers into equation #1, the coach finds that the 
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student has a predicted 1 RM of 31 0 lb. At this point the coach can take a percentage 
of this 1 RM and have the athlete train at this load. Suppose the coach wanted the 
athlete to train at 20 repetitions for muscular endurance. Since the predicted 1 RM 
and number of desired repetitions is known, the corresponding weight can be found 
using the equation. In this case the athlete should train at 193 lb. This also works in 
reverse. If the coach wanted the athlete to train at 250 lb to failure then the number of 
repetitions performed would be about 7 if the athlete was not fatigued and giving 
maximal effort. 
This author realizes that to be practical the coach would need to have the 
equation programmed into a computer or calculator whereby the appropriate numbers, 
as determined in the weight room, could be entered. The computer could then 
calculate the data and provide the coach with a printout of meaningful estimations 
useful for the periodization program. Through this, the coach would not have to 
consult numbers from long tables for each individual in the class. 
The second equation can also calculate expected loads and repetitions when 
the 1 RM is unknown. This would be especially applicable to the physical therapy 
setting as the 1 RM is fairly irrelevant to the patient and therapist. 
Equation #2 
Where x = experimentally discovered # of reps 
y = experimentally discovered load 
xx = desired or calculated # of reps 
yy = desired or calculated load 
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F or example, consider a physical therapist who is seeing a patient for general 
strengthening and conditioning. The patient tells the therapist that 30 repetitions can 
be performed using a 11.5 lb sock weight for shoulder external rotation is the 
sidelying position. The therapist wishes to have the patient train in the hypertrophy 
phase at approximately 15 repetitions. After using equation #2, the determined load 
at which the patient should train is 15 lb. One can see that to decrease the repetitions 
by half the weight is not necessarily decreased by half because the relationship 
between repetitions and load is not linear as demonstrated by Clark (see Appendix). 
One can also see that with a slight increase in weight, repetitions can be markedly 
affected in a way which is not inherently obvious. 
The equations mentioned above follow experimental data of Clark (Appendix 
1) and any predicted estimations are limited by this table's accuracy. The equation is 
an accurate representation of Clark's experimental data, as calculated 1 RM values 
determined by the equation are accurate to within 1.1 % of this data. 
Another application of these formulas includes determining the number of 
repetitions which correspond to the various periodization phases. In other words, the 
number of repetitions can be calculated in accordance with the recommended 
percentage of a particular phase within periodization. According to the guidelines of 
the NSCA, the percentages of a 1 RM at which to train are as follows: hypertrophy / 
endurance-50-75%, strength-80-88%, and power 90-95%. The corresponding 
calculated repetitions which mirror the recommended percentages, as determined by 
formula #2, are as follows: hypertrophy / endurance 10-34 reps, strength 4-8 reps, 
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and power 2-4 reps. For example, if a beginner athlete was training in the 
hypertrophy phase within periodization, and desired to work within the 50-75% 
guidelines as mentioned above, the individual could do so without knowing the 1 RM. 
Through the calculated repetitions which formula #2 provides, the athlete can train on 
any given machine at 10-34 repetitions to failure. If this procedure is followed, the 
athlete can be assured that training is occurring within 50-75% of the 1 RM, even 
though it is unknown. This also works in the case of an experienced weightlifter. In 
the case where an athlete's 1 RM is known, the calculated repetitions are still valid. 
Additional Considerations for Physical Therapy and Periodization 
Periodization in physical therapy is not limited strictly to exercises using 
weights. On the contrary, periodization can be used with any form of resistance such 
as with theraband or even in endurance exercises. In the case with theraband, the 
number of repetitions can be controlled by increasing or decreasing the amount of 
prestretch on the band before exercise is initiated. The resistance of the theraband 
(color) being used can also be decreased or increased as needed to provide variety in 
the training stimulus. Although this is just one example, any form of resistance or 
training can be modified so that there is a gradual increase in intensity with the 
corresponding decrease in volume. If this general principle of periodization is 
followed, then strength gains should be achieved. 
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Future Research 
Research in the field of physical therapy profession as it relates to 
periodization is nonexistent. Therefore, many areas of periodization and how it can 
be applied to physical therapy have yet to be explored. Possibilities for future 
research might be application of periodized vs. nonperiodized strengthening programs 
to ascertain whether significant differences in strength gains were accrued in the 
physical therapy profession, as all research to date exploring periodization has been 
with uninjured, healthy subjects. Effectiveness of periodized vs. nonperiodized 
strengthening programs in injury prevention could be explored as it relates to the 
physical therapy profession. It would also be valuable to research whether periodized 
programs are more successful than nonperiodized programs in treating common 
musculoskeletal conditions such as tendonitis and bursitis. 
Perhaps an even much more needed tool would be a formula or table which 
could predict any RM of an individual when the weight and repetitions are known 
through a testing session. This would enable one to test a person's 10 RM but then be 
able to predict the weight at which to train, for example, for a 6 RM or 12 RM. Such 
tables do exist for core lifts such as squat, bench press, and powerclean but are not 
applicable to the physical therapy profession as core lifts are seldom, if ever, used. 
Other areas of possible research might involve examining different meso cycle 
lengths to find if certain time intervals are more effective than others. Acute training 
variables such as rest periods between workouts is also an area with a need for further 
research. Clearly, the possibilities are endless. 
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Summary 
One should not feel overwhelmed by the training concepts of periodization. 
Periodization was developed assuming that an ultimate number of repetitions and sets 
does not exist due to the variety of individuals and their response to training. Simply 
being flexible and following the principles of periodization as guidelines should be 
productive. Start with low intensity and high volume and progress to high intensity 
and low volume. If adherence to these principles is maintained in an organized 
fashion the stage of exhaustion (maladaptation, plateau, overtraining) should be 
avoided or diminished because the training stimulus will have sufficient variety and 
intensity to induce strength gains significantly greater than nonperiodized programs. 
67 
APPENDIX 1 
MAXIMUM LIFT BASED ON REPETITIONS 
%RM 100 95 90 85 80 75 
Reps 1 2 4 6 8 10 
lb lifted 700.00 665.00 630.00 595.00 560.00 525.00 
695.00 660.25 625.50 590.75 556.00 521.25 
690.00 655.50 621.00 586.50 552.00 517.50 
685.00 650.75 616.50 582.25 548.00 513.75 
680.00 646.00 612.00 578.00 544.00 510.00 
675.00 641.25 607.50 607.50 573.75 540.00 
670.00 636.50 603.00 569.50 536.00 502.50 
665.00 631.75 598.50 565.25 532.00 498.75 
660.00 627.00 594.00 561.00 528.00 495.00 
655.00 622.25 589.50 556.75 524.00 491.25 
650.00 617.50 585.00 552.50 520.00 487.50 
645.00 612.75 580.20 548.25 516.00 483.75 
640.00 608.00 576.00 544.00 512.00 480.00 
635.00 603.25 571.50 539.75 508.00 476.25 
630.00 598.50 567.00 535.50 504.00 472.50 
625.00 593.75 562.50 531.25 500.00 468.75 
620.00 589.00 558.00 527.00 496.00 465.00 
615.00 584.25 553.50 522.75 492.00 461.25 
610.00 579.50 549.00 518.50 488.00 457.50 
605.00 574.75 544.50 514.25 484.00 453.75 
600.00 570.00 540.00 510.00 480.00 450.00 
595.00 565.25 535.50 505.75 476.00 446.25 
590.00 560.50 531.00 501.50 472.00 442.50 
585.00 555.75 526.50 497.25 468.00 438.75 
580.00 551.00 522.00 493.00 464.00 435.00 
575.00 645.25 517.50 488.75 460.00 431.25 
570.00 541.50 513.00 484.50 456.00 427.50 
565.00 536.75 508.50 480.25 452.00 423.75 
560.00 532.00 499.50 471.75 444.00 416.25 
555.00 527.25 504.00 476.00 448.00 420.00 
550.00 522.50 495.00 467.50 440.00 412.50 
545.00 517.75 490.50 463.25 436.00 408.75 
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%RM 100 95 90 85 80 75 
Reps 1 2 4 6 8 10 
lb lifted 540.00 513.00 486.00 459.00 432.00 405.00 
535.00 508.25 481.50 454.75 428.00 401.25 
530.00 503.50 477.00 450.50 424.00 397.50 
525.00 498.75 472.50 466.25 420.00 393.75 
520.00 494.00 468.00 442.00 416.00 390.00 
515.00 489.25 463.50 437.75 412.00 386.25 
510.00 484.50 459.00 433.50 408.00 382.50 
505.00 479.75 454.50 429.25 404.00 378.75 
500.00 475.00 450.00 425.00 400.00 375.00 
495.00 470.25 445.50 420.75 396.00 371.25 
490.00 465.50 441.00 416.50 392.00 367.50 
485.00 460.75 436.50 412.25 388.00 363.75 
480.00 456.00 432.00 408.00 384.00 360.00 
475.00 451.25 427.50 403.75 380.00 356.25 
470.00 446.50 423.00 399.50 376.00 352.50 
465.00 441.75 418.50 395.25 372.00 348.75 
460.00 437.00 414.00 391.00 368.00 345.00 
455.00 432.25 409.50 386.75 364.00 341.25 
450.00 427.50 405.00 382.50 360.00 337.50 
445.00 422.75 400.50 378.25 356.00 333.75 
440.00 418.00 396.00 374.00 352.00 330.00 
435.00 413.25 391.50 369.75 348.00 326.25 
430.00 408.50 387.50 365.50 344.00 322.50 
425.00 403.75 382.50 361.25 340.00 318.75 
420.00 399.00 378.00 357.00 336.00 315.00 
415.00 394.25 373.50 352.75 332.00 311.25 
410.00 389.50 369.00 348.50 328.00 307.50 
405.00 384.75 364.50 344.25 324.00 303.75 
400.00 380.00 360.00 340.00 320.00 300.00 
395.00 375.25 355.50 335.75 316.00 396.25 
390.00 370.50 351.00 331.50 312.00 292.50 
385.00 365.75 346.50 327.25 308.00 288.75 
380.00 361.00 342.00 323.00 304.00 285.00 
375.00 356.25 337.50 318.75 300.00 281.25 
370.00 351.50 330.00 314.50 296.00 277.50 
365.00 346.75 328.50 310.25 292.00 273.75 
360.00 342.00 324.00 306.00 288.00 270.00 
355.00 337.25 319.50 301.75 284.00 266.25 
350.00 332.50 315.00 297.50 280.00 262.50 
345.00 327.75 310.50 293.25 276.00 258.75 
340.00 323.00 306.00 289.00 272.00 255.00 
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%RM 100 95 90 85 80 75 
Reps 1 2 4 6 8 10 
lb lifted 335.00 318.25 301.50 284.75 268.00 251.25 
330.00 313.50 297.00 280.50 264.00 247.50 
325.00 308.75 292.50 279.25 260.00 243.75 
320.00 304.00 288.00 272.00 256.00 240.00 
315.00 299.25 283.50 267.75 252.00 236.25 
310.00 294.50 279.00 263.50 248.00 232.50 
305.00 289.75 274.50 259.25 244.00 228.75 
300.00 285.00 270.00 255.00 240.00 225.00 
295.00 280.25 265.50 250.75 236.00 221.25 
290.00 275.50 261:00 246.50 232.00 217.50 
285.00 270.75 256.50 242.25 228.00 213.75 
280.00 266.00 252.00 238.00 224.00 210.00 
275.00 261.25 247.50 233.75 220.00 206.25 
270.00 256.50 243.00 229.50 216.00 202.50 
265.00 251.75 238.50 225.25 212.00 198.75 
260.00 247.00 234.00 221.00 208.00 195.00 
255.00 242.25 229.50 216.75 204.00 191.25 
250.00 237.50 225.00 212.50 200.00 187.50 
245.00 232.75 220.50 208.25 196.00 183.75 
240.00 228.00 216.00 204.00 192.00 180.00 
235.00 223.25 211.50 199.75 188.00 176.25 
230.00 218.50 207.00 195.50 184.00 172.50 
225.00 213.75 202.50 191.25 180.00 168.75 
220.00 209.00 198.00 187.00 176.00 165.00 
215.00 204.25 193.50 182.75 172.00 161.25 
210.00 199.50 189.00 178.50 168.00 157.50 
205.00 194.75 184.50 174.25 164.00 153.75 
200.00 190.00 180.00 170.00 160.00 150.00 
195.00 185.25 175.50 165.75 156.00 146.25 
190.00 180.50 171.00 161.50 152.00 142.50 
185.00 175.75 166.50 157.25 148.00 138.75 
180.00 171.00 162.00 153.00 144.00 135.00 
175.00 166.25 157.50 148.75 140.00 131.25 
170.00 161.50 153.00 144.50 136.00 127.50 
165.00 156.75 148.50 140.25 132.00 123.75 
160.00 152.00 144.00 136.00 128.00 120.00 
155.00 147.25 139.50 131.75 124.00 116.25 
150.00 142.50 135.00 127.50 120.00 112.50 
145.00 137.75 130.50 123.25 116.00 108.75 
140.00 133.00 126.00 119.00 112.00 105.00 
135.00 128.25 121.50 114.75 108.00 101.25 
70 
%RM 100 95 90 85 80 75 
Reps 1 2 4 6 8 10 
lb lifted 130.00 123.50 117.00 110.50 104.00 97.50 
125.00 118.75 112.50 106.25 100.00 93.75 
120.00 114.00 108.00 102.00 96.00 90.00 
115.00 109.25 103.50 97.75 92.00 86.25 
110.00 104.50 99.00 93.50 88.00 82.50 
105.00 99.75 94.50 89.25 84.00 78.75 
Clark M. Strength and Conditioning Coach. University of Oregon. Maximum lift 
based on repetitions. 
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APPENDIX 2 
If a professional prefers to estimate an individual's 1 RM from a table so as to 
avoid possible injury, the following table can be used. In order to calculate the 1 RM 
perform a maximum number of repetitions with the load chosen (i.e. 8 repetitions 
with 30 lb, and then: 
1) Choose the column headed "8" from the top of the chart (the number of reps 
performed). 
2) Find the row with "30" lb (the load used). 
3) Find the number where column "8" and row "30" intersect. This number is the 
estimated 1 RM. 
Reps ---'10 9 8 7 6 5 4 3 2 
Pounds 
~ 
5 7 6 6 6 6 6 6 5 5 
10 13 13 13 12 12 11 11 11 11 
15 20 19 19 18 18 17 17 16 16 
20 27 26 25 24 24 23 22 22 21 
25 33 32 31 30 29 29 28 27 26 
30 40 39 38 36 35 34 33 32 32 
35 47 45 44 42 41 40 39 38 37 
40 53 52 50 48 47 46 44 43 42 
45 60 58 56 55 53 51 50 49 47 
50 67 65 63 61 59 57 56 54 53 
55 73 71 69 67 65 63 61 59 58 
60 80 77 75 73 71 69 67 65 63 
65 87 84 81 79 76 74 72 70 68 
70 93 90 88 85 82 80 78 76 74 
75 100 97 94 91 88 86 83 81 79 
80 107 103 100 97 94 91 89 86 84 
85 113 110 106 103 100 97 94 92 89 
90 120 116 113 109 106 103 100 97 95 
95 127 123 119 115 112 109 106 103 100 
100 133 129 125 121 118 114 111 108 105 
72 
Reps -----+ 1 0 9 8 7 6 5 4 3 2 
Pounds 
! 
105 140 135 131 127 124 120 117 114 111 
110 147 142 138 133 129 126 122 119 116 
115 153 148 144 139 135 131 128 124 121 
120 160 155 150 145 141 137 133 130 126 
125 167 161 156 152 147 143 139 135 132 
130 173 168 163 158 153 149 .144 141 137 
135 180 174 169 164 159 154 150 146 142 
140 187 181 175 170 165 160 156 151 147 
145 193 187 181 176 171 166 161 157 153 
150 200 194 188 182 176 171 167 162 158 
155 207 200 194 188 182 177 172 168 163 
160 213 106 200 194 188 183 178 173 168 
165 220 213 206 200 194 189 183 178 174 
170 227 219 213 206 200 194 189 184 179 
175 233 226 219 212 206 200 194 189 184 
180 240 232 225 218 212 206 200 195 189 
185 247 239 231 224 218 211 206 200 195 
190 253 245 238 230 224 217 211 205 200 
195 260 252 244 236 229 223 217 211 205 
200 267 258 250 242 235 229 222 216 211 
205 273 265 256 248 241 234 228 222 216 
210 280 271 263 255 247 240 233 227 221 
215 287 277 269 261 253 246 239 232 226 
220 293 284 275 267 259 251 244 238 232 
225 300 290 281 273 265 257 250 243 237 
230 307 297 288 279 271 263 256 249 242 
235 313 303 294 285 276 269 261 254 247 
240 320 310 300 291 282 274 267 259 253 
245 327 316 306 297 288 280 272 265 258 
250 333 323 313 303 294 286 278 270 263 
255 340 329 319 309 300 291 283 276 268 
260 347 335 325 315 306 297 289 281 274 
265 353 342 331 321 312 303 294 286 279 
270 360 348 338 327 318 309 300 292 284 
275 367 355 344 333 324 314 306 297 289 
280 373 361 350 339 329 320 311 303 295 
285 380 368 356 345 335 326 317 308 300 
290 387 374 363 352 341 331 322 314 305 
295 393 381 369 358 347 337 328 319 311 
300 400 487 375 364 353 343 333 324 316 
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Reps -.10 9 8 7 6 5 4 3 2 
Pounds 
~ 
305 407 394 381 370 359 349 339 330 321 
310 413 400 388 376 365 354 344 335 326 
315 420 406 394 382 371 360 350 341 332 
320 427 413 400 388 376 366 356 346 337 
325 433 419 406 394 382 371 361 351 342 
330 440 426 413 400 388 377 367 357 347 
335 447 432 419 406 394 383 372 362 353 
340 453 439 425 412 400 389 378 368 358 
345 460 445 431 418 406 394 383 373 363 
350 467 452 438 424 412 400 389 378 368 
355 473 458 444 430 418 406 394 384 374 
360 480 465 450 436 424 411 400 389 379 
365 487 471 456 442 429 417 406 395 384 
370 493 477 463 448 435 423 411 400 389 
375 500 484 469 455 441 429 417 405 395 
380 507 490 475 461 447 434 422 411 400 
385 513 497 481 467 453 440 428 416 405 
390 520 503 488 473 459 446 433 422 411 
395 527 510 494 479 465 451 439 427 416 
400 533 516 500 485 471 457 444 432 421 
405 540 523 506 491 476 463 450 438 426 
410 547 529 513 497 482 469 456 443 432 
415 553 535 519 503 488 474 461 449 437 
420 542 525 509 494 480 467 454 442 
425 548 531 515 500 486 472 459 447 
430 555 538 521 506 491 478 465 453 
435 561 544 527 512 497 483 470 458 
440 568 550 533 518 503 489 476 463 
445 574 556 539 524 509 494 481 468 
450 581 563 545 529 514 500 486 474 
455 587 569 552 535 520 506 492 479 
460 594 575 558 541 526 511 497 484 
465 600 581 564 547 531 517 503 489 
470 606 588 570 553 537 522 508 495 
475 613 594 576 559 543 528 514 500 
480 619 600 582 565 549 533 519 505 
485 626 606 588 571 554 539 524 511 
490 632 613 594 576 560 544 530 516 
495 639 619 600 582 566 550 535 521 
500 645 625 606 588 571 556 541 526 
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Reps -.10 9 8 7 6 5 4 3 2 
Pounds 
~ 
505 652 631 612 594 577 561 546 532 
510 658 638 618 600 583 567 551 537 
515 665 644 624 606 589 572 557 542 
520 671 650 630 612 594 578 562 547 
525 677 656 636 618 600 583 568 553 
530 684 663 642 624 606 589 573 558 
535 690 669 648 629 611 594 578 563 
540 697 675 655 635 617 600 584 568 
545 703 681 661 641 623 606 589 574 
550 710 688 667 647 629 611 595 579 
555 716 694 673 653 634 617 600 584 
560 723 700 679 659 640 622 605 589 
565 729 706 685 665 646 628 611 595 
570 735 713 691 671 651 633 616 600 
575 742 719 697 676 657 639 622 605 
580 748 725 703 682 663 644 627 611 
585 755 731 709 688 669 650 632 616 
590 761 738 715 694 674 656 638 621 
595 768 744 721 700 680 661 643 626 
600 774 750 727 706 686 667 649 632 
605 781 756 733 712 691 672 654 637 
610 787 763 739 718 697 678 659 642 
615 794 769 745 724 703 683 665 647 
620 800 775 752 729 709 689 670 653 
625 806 781 758 735 714 694 676 658 
630 813 788 764 741 720 700 681 663 
635 819 794 770 747 726 706 686 668 
640 826 800 776 753 731 711 692 674 
645 832 806 782 759 737 717 697 679 
650 839 813 788 765 743 722 703 684 
655 845 819 794 771 749 728 708 689 
660 852 825 800 776 754 733 714 695 
665 858 831 806 782 760 739 719 700 
670 865 838 812 788 766 744 724 705 
675 871 844 818 794 771 750 730 711 
680 877 850 824 800 777 756 735 716 
685 884 856 830 806 783 761 741 721 
690 890 863 836 812 789 767 746 726 
695 897 869 842 818 794 772 751 732 
700 903 875 848 824 800 778 757 737 
75 
Reps~10 9 8 7 6 5 4 3 
Pounds 
~ 
705 910 881 855 829 806 783 762 
710 916 888 861 835 811 789 768 
715 923 894 867 841 817 794 773 
720 929 900 873 847 823 800 778 
725 935 906 879 853 829 806 784 
730 942 913 885 859 834 811 789 
735 948 919 891 865 84"0 817 795 
740 955 925 897 871 846 822 800 
745 961 931 903 876 851 828 805 
750 968 938 909 882 857 833 811 
755 974 944 915 888 863 839 816 
760 981 950 921 894 869 844 822 
765 987 956 927 900 874 850 827 
770 994 963 933 906 880 856 832 
775 1000 969 939 912 886 861 838 
780 1006 975 945 918 891 867 843 
785 1013 981 952 924 897 872 849 
790 1019 988 958 929 903 878 854 
795 1026 994 964 935 908 883 859 
800 1032 1000 970 941 914 889 865 
820 1058 1025 994 965 937 911 886 
840 1084 1050 1018 988 960 933 908 
860 1110 1075 1042 1012 983 956 930 
880 1135 1100 1067 1035 1006 978 951 
900 1161 1125 1091 1059 1029 1000 973 
920 1187 1150 1115 1082 1051 1022 995 
Maximum Weight Chart. Strength Tech, Inc. Box 1381, Stillwater, OK 74076 
U.S.A. 
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2 
742 
747 
753 
758 
763 
768 
774 
779 
784 
789 
795 
800 
805 
811 
816 
821 
826 
832 
837 
842 
863 
884 
905 
926 
947 
968 
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